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AEmRAcT.

~~intyabxtthemstmssive oben.wds tarshasl edtoareexar-

inationof the ~ mssive StAr that is stableagahst radialpikation. The

nuclear energy gemraticm quatione in the MA 1*, ~aka’:ic ade have been

wnsldeably Inpnxd, so that it is B a~rcprlate m redo the study to decezmne

the mxUmmI msa of a - 6Mr that will be stable against@Ubation.

INIR2UJCIICN .

mequu’tim oftMmxt Inas8ivem amtmuza to mtlmm wtmncmm. The

existema of very lm.irms 03 ~ti, Hutb19-San5agevariables,ard Wlf-FWyec

starahavemutivati evolutkm.ry oakulatiam in tlM mm q atom 60 ~. lhe

inclusion of ~ loMl,m ~ m in Stmq apiscdicku.rmeh evolutimuy

aladatima, has * it pcasibh to amstnxt an avoluthmry mlar Squenca

fmnmhsquum to H-S variabl- to Wolf -Ray8t ~ to ~e.

~arwti~ effoti have himxi~ly fcma8d on pllsational stability

(Ldoux, 1941;Skhwarze&d.ldad Ham, 1959;AiZ~, Hanscm, - F&se, 1975)whifi

sqpstd a lowar lhit of b% for stdlar plaatim. The epeilm ImchanlsmWhich

~~aq~~ ~ of th am Cych of nxlear mctlons ,

was 8hmn to b mpabla of drivlq stableradialtilar p16ations for ms.sesabxe

6CI~. It was sqpmal that thne plmaticms wxld gmw m sufficientanplitule

that tho starbmld citbr dbkrtqrau or by IMM 1- qmach a mm stablemss

m“ In 1970-1971(~olla 1970,1970a;Skin m StQthr 1970;Zhba.rch

1970:Talbt 1971)p~ ti.~ -W alculationathat (1)the mpllties

of surfam zcmm tightkm mull awn thcqh rtraq pdsaticml driviq umrrd m

thecmeo r(2)thats l=kwavawxld dcwlcpdanpirg furtheranplitie grwth ard

Caus@ mha.ncd w lCMM. SuCl llnliwtions-- thmght to lifim CimSlnof

Btabilltvto * low. Zhbeuti, an a rwnilt of ext-erwi”:eLNA mdalluq, smrkar-

izd Lhe ampMitkm depmhnm cf the Crltlcd w for 8Urle pdsatkms b~ the

f ormla:

~ - 100(1.0+ 4.192- 0.83Y)E 2.0 ~.

Cnvidscm(Hm@reym am Mvidmn, 1983)haE EMrChed unsu~fully for @ctmetrlc

%ariatxms in prurdsirq03 nta.rmm -ma wMch my euppmt this hypxdmsis.



qlainbq observations of H - S variablesM Wlf-Wyet stars,in the mass range

abve 100Ho. mlw the qlestia’1of pulsationals’bbilityhas knEu3raisedagdn and

a moat praprint by KIw, Imgar ad Pricks (1986)(hereinafter IGF) mexamin-

this issue. A linear non-adiabatic(LNA)analysisof bmgemms zero-age main se-

~ (w) m with dwmicd ~itim (Y,Z) = (.277,.043)Yidk the

~~~ -t -t m m~ 4oo ~ m @sati=Uly stableagainstradial

pu.lsaticms.

Bamlseofthechallengemd sedby the unusualmsultsofmFal13the~

sc@.stiation of the Iluoleareneqy generationprograms,the authms decidsd to

redo the classim Lsdanc- Sdmrmddld+arm calmlationsaxxlthose of the early

1970sto n&temha the criticalmass for plsaticmal instabili~.

RmJLm.

Inoderti makea suooessfulmxlel of a star in which ~sathnal driving

Ouaasfmn thaopsi.knmschanh, it is obviouslyvary inpormt tohavethehst

possi.bloruchar anmqy ~atia prugram, kltldirq details of * -Cal w

-- ~. _~pmgraInintheLtxAlanm LW400detilties the

Iben @tWqy ~tion ~ as Wll M * FWler et al. (197!S)reactionrates.

The ~culati~ ~~ (1) the ~ rarqe 70 to 160~ at Z = 0.015~ (2)the

~~~~ q ~ 0.005< z <0.043 for x = 0.689and a mass of 13q. The

*- of * pariod,P~, and _ rate, P@’Q, M To h the e-folduq

tilm,m~forf~~iticm areshum ti~lo I. Itwill be seen that the

pariodsfan a gemrally increasingsequema with nnss,while ma gmk”d ratesare

ti umm -tiC, as sham in Fig. 1. Nawthalass, thegrowth?a- beoum

pclSitiTmbammm80and9~mkhi S inagmamnt with W Oarlierrwlllts. In an

aocuqanyhq artkl. in this iasua,o’rhll, m UsOnwdn, Wdss, IIM Hz@ also abtab-1
shilar & ts ‘Xhovariath with Z is in ‘hbloII.

?abla 1.

Ruults of ~ Mod. F@ial Pulsatkm for
Z = 0,03.5aml Y = 0.296. F& omparism * mmmgO
lif. ofa60to 160~starisabmt 3x106 yaaru.

70
80
90
100
110
3.20
130
140
160

5.857 4,702
5.960 4,712
6,045 4.722
6.123 4.728
6.189 4,734
6.252 4.737
6.304 4.746
6.353 4,750
6.443 4.752

9.17
7,51
7,98
8.30
8.89
9,30
9.17
9*17
10.61

-2.944E-7
-2,356E-8
5.355E-7
3.330E-7
90807E-7
1.030E-6
6.394E-7
5.090E-7
2.125E-6

1,64U
36,300
1,700
28,400
1,030
1,030
1,640
2,05(’

570



*al p.deaticmcalculations for 13% as
a lhnctkm of Z withX = 0.689h 0.8ZUJ0

.005 6.309 4.760 8.73 1.33.2E-6 5,681

.010 6.252 4,727 9.30 1.030E-6 6,858

.015 6.304 4.746 9.17 6.396E-7 11,200

.020 6.303 4.739 9.51 9 ●037E-7 7,642

.030 6.299 4.730 8.73 1.31.2E-6 5,738

.043 6.293 4.716 10.31 2● 397E-7 26,594

Fbr~iscrI, the msulti of KF for ampoaitim (X,2) = (.687, .043) give Po=

9.43 hums, agmwthralaof - 5*5UE-7, ardan e-foldingth!E!of1,954years* KLF

mirbin that rwt until akwt 44~does apoeitivegxuwthmte occur forplaation

inthefmMnmblmde. ‘13’mxunofgmwthmb?!swithZ iaalaoahowninFig.1.

mmmlltofmisdkodwnl. Thevariationofgmwth ra-with Z is fairly

Unaulbitpxa ● WedidrwtgotialmanmqhZto n?@aoaUU3entimlywithp-pbur-

themvworlc~zmeforaachof th359zmes. It til be H that the &iVhCj

takesplaoain th@fimt55zcmasat ~ture6abava 29millimdegroes @

-@w thnwter. It b balicvulthat the erraticdriviryat ~tely ona

nlulicmdlqroestidluti ~t.ies h the opaci~ fit.

-s
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Fig. 1

Growth rata8asafunctkmof
mass for Z - ,015aml for var-
Wa Z at 130M.
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Fig, 2

Work par zone for the 120~
can.



The Imtion of the criticalmss for plsation for massivestarshas been

rede’~to bevexycloeeto80 ~. Zhelocation mthe HR diagramof anumbe.r

oflmqemms ZAMSatars have been de~ usiqthe Lo6Alamx I.NAprcqmm in

gccd agreementwith currentmolutionaq m%ults. J. Cahn thanksS. Staxrfieldfor

formattingd prht@ this paper.
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